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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1]The 1st wall means (11) that is provided with a pressure vessel means to demarcate a tubular work 
chamber (3) which has the 1 st isolated end and the 2nd end, and adjoins said 1 st end of a chamber, and the 2nd 
wall means (6) that adjoins said 2nd end of a chamber. 

A heating method (10, 12) for heating said 1st wall means (1 1). a cooling method for cooling said 2nd wall means 
(6), and a heat exchange means (9). 

It is the external combustion engine (1) provided with the above, said 1st wall means (11) has the 1st heat 
exchange surface means (lid). Said piston means (7) working fluid after said heat exchange means (9) passage. 
It turns so that it may flow via said 1st heat exchange surface means (lid), when a piston means (7) moves 
towards said 2nd end of a chamber (3), It turns so that said 1st heat exchange surface means (1 id) may be 
bypassed, when working fluid is moved to the 1st end from the 2nd end of said chamber and a piston means (7) 
moves towards said 1st end of a chamber (3), It has the Barh Byng means which includes the 1st valve means 
(20) that can be positioned so that working fluid may be moved to the 2nd end from the 1st end of said chamber 
(3). 

[Claim 2]Said piston means (7) is isolated from a wall of a tubular chamber (3), It has the tubular member (40) 
constituted by end of a piston means positioned by said 2nd end of a chamber soon. The 2nd wail means (6) has 
the 2nd heat exchange surface means (6a), and it said Barh Byng means, Working fluid which came from said 
tubular member (40) outside after said heat exchange means (9) passage. . Turn so that it may flow via said 2nd 
heat exchange surface means (6a), while a piston means (7) is moving towards said 1st end from said 2nd end of 
a chamber (3). Or working fluid which came from said tubular member (40) outside after said heat exchange 
means (9) passage, When a piston means (7) is moving towards said 2nd end from said 1st end of a chamber (3). 
The external combustion engine according to claim 1 including the 2nd valve means (21) that can operate so 
that it may be alike, said 2nd heat exchange surface means (6a) may not be contacted, an inside of said tubular 
member (40) may be passed and it may turn. 

[Claim 3]The external combustion engine according to claim 1 or 2, wherein said 1st heat exchange surface 
means is provided with a course (1 Id) formed in said 1st wall means (11). 

[Claim 4]The external combustion engine according to claim 3. wherein said course consists of a small boa. 
[Claim 5]The external combustion engine according to claim 3, wherein a rod is positioned inside said course. 
[Claim 6]The external combustion engine according to claim 3 with which said course is characterized by having 
a section of an extreme aspect ratio, respectively. 

[Claim 7]An external combustion engine given in any 1 paragraph from claim 3, wherein said course is generally 
constituted by longitudinal direction within said 1st wall means to claim 6. 

[Claim 8]An external combustion engine given in any 1 paragraph from claim 3, wherein said course is 
constituted so that an inside of a wall means may be provided with two or more paths for working fluid to claim 
7, 

[Claim 9]An external combustion engine given in any 1 paragraph from claim 3, wherein said course is generally 
constituted spirally in said 1st wall means to claim 6. 

[Claim 10]An external combustion engine given in any 1 paragraph from claim 1 having an external heat exchange 
surface (11c;1 12. 113) for said 1st wall means (1 1) to carry out heat exchange to combustion gas of said heating 

method (10, 12) to claim 9. 

[Claim 1 1]The external combustion engine according to claim 10, wherein said external heat exchange surface is 
provided by a heat exchange fin (11c;112, 113). 
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[Claim 12]The external combustion engine according to claim 10 or 1 1. wherein said heat exchange fin (1 12. 113) 
is a non-circle configuration. 

[Claim 13]Claim 10, wherein said external heat exchange surface is formed from a stack of a heat exchange 
member (112 J 13) assembled by one, claim 11, or the external combustion engine according to claim 12. 
[Claim 14]The external combustion engine according to claim 13 when subordinate to claim 12, wherein one 
which said un-circular heat exchange fm (1 12. 1 13) adjoins is related mutually and it has become stagger 
arrangement, or claim 12. 

[Claim 15]An external combustion engine given in any 1 paragraph from claim 10 consisting of material chosen 
from heat-resistant metal characterized by comprising the following, such as an alloy and molybdenum, and 
tungsten, to claim 14. 
Said 1st wall means (1 1) is copper. 

Nickel. 

A small amount of iron, manganese, silicon, and carbon. 

[Claim 16] An external combustion engine given in any 1 paragraph from claim 1. wherein said heat exchange 
means (9) is provided with a metallic foil to claim 15. 

[Claim 1 7]The external combustion engine according to claim 1 6, wherein said metallic foil is constituted as a 
generally spiral coil which has an axis of a chamber (3), and an axis of the same axle. 
[Claim 18]The external combustion engine according to claim 16 or 17 with which said metallic foil is 
characterized by having two or more cuts or an opening inside. 

[Claim 19]When a stillness tension bolt (8) is arranged along with the length on the same axle at said tubular 
work chamber (3) and a piston means (7) moves between ends of said chamber (3) reciprocately. An external 
combustion engine given in any 1 paragraph from claim 1 which encloses the Thailand means in closure and is 
characterized by a movable thing along with the length to claim 18, 

[Claim 20]An external combustion engine (1) which is an external combustion engine characterized by comprising 

the following, and is characterized by providing said heat exchange means with a metallic foil. 

The 1st wall means (11) that is provided with a pressure vessel means to demarcate a tubular work chamber (3) 

which has the 1st isolated end and the 2nd end, and adjoins said 1st end of a chamber, and the 2nd wall means 

(6). that acljoins said 2nd end of a chamber. 

A heating method for heating said 1 st wall means (1 1 ) (1 0, 1 2). 

A cooling method for cooling said 2nd wall means (6). 

A piston means (7) which has a heat exchange means (9), and a driving means for making a piston means (7) 
move reciprocately between said 1st end of a chamber, and the 2nd end inside a tubular work chamber (3) so 
that working fluid may pass said heat exchange means (9). 

[Claim 21]The external combustion engine according to claim 20. wherein said metallic foil is constituted as a 
generally spiral coil which has an axis of a tubular work chamber (3), and an axis of the same axle. 
[Claim 22]The external combustion engine according to claim 20 or 21 with which said metallic foil is 
characterized by having two or more cuts or an opening inside. 

[Claim 23]The 1st wall means (11) that is provided with a pressure vessel means to demarcate a tubular work 
chamber (3) which has a longitudinal direction axis, and the 1st isolated end and the 2nd end, and adjoins said 
1st end of a chamber, and the 2nd wall means (6) that adjoins said 2nd end of a chamber. 
A heating method (10. 12) for heating said 1st wall means (11), a cooling method for cooling said 2nd wall means 
(6), and a heat exchange means (9). 

It is the external combustion engine (1) provided with the above, and it has further a stillness tension bolt (8) 
arranged at said combustion chamber (3) and the same axle, said piston (7) is attached to the surroundings of a 
tension bolt in closure, and it is characterized by being movable to shaft orientations along there. 

[Claim 24]The 1st wall means (1 1) that is provided with a pressure vessel means to demarcate a tubular work 
chamber (3) which has a longitudinal direction axis, and the 1st isolated end and the 2nd end, and adjoins said 
1 St end of a chamber, and the 2nd wall means (6) that adjoins said 2nd end of a chamber. 

A heating method (10. 1 2) for heating said 1st wall means (1 1), a cooling method for cooling said 2nd wall means 
(6), and a heat exchange means (9). 

Material chosen from heat-resistant metal, such as an alloy in which it is the external combustion engine (1) 
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provided with the above, and a pressure vessel means consists of copper, nickel, and a small amount of iron, 
manganese, silicon and carbon and molybdenum, and tungsten, is included. 

[Claim 25]A thermomotor system which equips any 1 paragraph from claim 1 to claim 24 with an external 
combustion engine of a statement with a fluid power machine, for example, a high-speed digital control fluid 
operating machine, in order to create a controllable good variant product in a work chamber of an organization. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation nnay not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0O01] 

(Technical field) 

The 1st wall means that this invention is provided with a pressure vessel means to demarcate the tubular work 
chamber which has the 1st isolated end and the 2nd end, and adjoins said 1st end of a chamber, and the 2nd wall 
means that adjoins said 2nd end of a chamber, The heating method for heating said 1st wall means, and the 
cooling method for cooling said 2nd wall means, It is related with an external combustion engine which includes 
the piston means which has a heat exchange means, and the driving means for making a piston means move 
reciprocately between said 1st end of a chamber, and the 2nd end inside a tubular work chamber so that a 
working fluid may pass said heat exchange means. 
[O002] 

(Background art) 

Almost all the Stirling engines operate by the principle of expansion of the content gas working fluid which moves 
between two different temperature levels, and contraction. Although a Stirling engine has some advantages 
compared with other thermomotors, it has a problem about closure of working fluid, such as high-temperature- 
hot-water matter, and power control. The basic design of the Stirling engine which uses the water from which 
Maione will change in the state between a fluid and supercritical as working fluid in US-A-1 487664 No. and the 
US-A-No. 171 7161 correction in the 1920s instead of gas is proposed. The engine of Maione needed to be 
operated with high voltage, therefore provided high power density. However, most researches into which a 
Maione engine is developed further have not been done since research by Maione. Refrigeration and a heating 
pump have important only development of a Maione cycle. 
[0003] 

The basic constitution of a known Maione engine is provided with the thermodynamics pressure vessel (namely, 
"TD pile") which carried out the form of the long tube, and a diametrically opposite temperature is applied to the 
end which counters. A high temperature end is exposed to heat sources, such as flame or heat accumulation 
material, and a low temperature end removes heat from a pile, and has a cooling jacket which can transmit the 
heat to the cooling fluid through which it circulates via the jacket. The perforated piston which becomes both a 
regenerator and a displacement device is between the position inside TD pile, and these extremes of 
temperature (on these specifications, it is henceforth called a regenerator). A regenerator is mechanically driven 
from an end to an end inside a pile according to a motion of a sine. When a regenerator is moved, a fluid is 
energized so that the core matrix may be passed in the process of exchanging heat, between a matrix and a 
fluid. Displacement of the fluid from each end reduces the mass of a fluid available by turns, although heat is 
accepted or emitted. 
[OO04] 

Change of the pressure of the fluid inside TD pile which can be used by penetration and discharge of a motion of 
the energized regenerator and the heat which changes periodically in order to induce mechanical work, and 
volume arises. Connecting a piston to a low temperature end is also known, a work-bodies product can be 
expanded with high voltage, it can contract by the pressure subsequently reduced, and, thereby, this forms the 
interface of a fluid and mechanical power. In order to control the work-bodies product of TD pile, more 
specifically, providing the digital displacement hydraulic pump / motor which was indicated by EP-A-0494236 No. 
is proposed. 
[0005] 

(Indication of an invention) 
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This invention urges it to provide improvement of the basic building block of the external combustion engine of 

the pointed-out kind. 

[0006] 

According to one mode of this invention, the external combustion engine of the pointed-out kind, Said 1st wall 
means's having the 1st heat exchange surface means and said piston means. Working fluid is turned so that it 
may flow via said 1st heat exchange surface means, when a piston means turns to said 2nd end of a chamber 
and moves after said heat exchange surface means passage, it turns so that said 1st heat exchange surface 
means may be bypassed, when working fluid is moved to the 1st end from the 2nd end of said chamber and a 
piston means moves towards said 1st end of a chamber, It has the Barh Byng means which includes the 1st 
valve means that can be positioned so that working fluid may be moved to the 2nd end from the 1 st end of said 
chamber. 
[0007] 

According to another mode of this invention, the following external combustion engine according to claim 20 is 

provided 

[0008] 

According to the further mode of this invention, the following external combustion engine according to claim 23 

is provided. 

[0009] 

According to the further mode of this invention, the following external combustion engine according to claim 24 
is provided. 
[00 10] 

Next, the embodiment of this invention is described only as illustration, referring to an accompanying drawing 

concretely. 

[0011] 

(Embodiment of the invention) 

A thermomotor system provided with what is called a Malone engine by this invention generally expressed with 
the reference number 1 to drawing 1 . and the digital displacement pump / motor for engine 1, and the 
regenerator drive which are generally expressed with the reference number 2 is shown. 
[0012] 

The engine 1 is roughly shown in drawing 1 , and drawing 2 -4, and 5a, 5b, 6a, 6b and 7 show it in detail. The 
engine 1 is provided with the upper part 4 which demarcates engine "high temperature end", the omitted portion 
5, and the lower part 6 which demarcates engine "low temperature end" so that it may turn out that drawing 2 is 
seen. The piston means or the regenerator 7 is movable to shaft orientations inside [ tubular work chamber 3 ] 
the engine 1. A regenerator has a "perforated" matrix or the core 9 (a broken chain line shows roughly in a 
figure), and this matrix or core 9 makes the flow of the fluid through that possible, and serves to move the fluid 
of work chamber 3 inside with it at the time of movement of the regenerator inside a work chamber. The central 
tie rod 8 is positioned in accordance with the axis of the chamber 3. 
[G0 13] 

The engine upper part 4 is provided with the combustion chamber 10 which encloses the heat exchanger with a 
fin which has the lateral part 1 1 a provided with the fin 11c, and the inner part 1 1 b provided with 1 1 d of courses 
into which working fluid, for example, water, and a steam flow, and which is generally expressed with the 
reference number 1 1 . 1 1 d of flow paths provide a heat exchange surface, extend in the other end and can 
usually constitute it from one end of the heat exchanger 1 1 a longitudinal direction or spirally. The burner 12 is 
attached to the wall of a combustion chamber in order to heat the portion 11a with a fin. 
[0014] 

The high temperature end of the engine 1 differs from the original Malone design in some respects. In the inner 
pari lib, 11 d of small working fluid flow paths are created, and the far big heat exchange field is provided. As 
roughly shown in drawing 7 , a supercritical steam passes along 1 1 d of these courses at high speed, and a 
motion of the regenerator 7 raises heat transfer further, when the regenerator 7 descends toward a low 
temperature end. 11 d of courses can be created in some forms. It may consist of a circular and very small boa. 
Or it consists of a bigger boa, however, or including the rod of a polygon cross section, a core body product may 
be decreased and this rod may be serving to turn a flow to an outer wall. A course can also be formed from the 
rectangle slot of an extreme aspect ratio. Although it is not clear from a drawing, the upper bed part and lower 
end part of these courses were joined if needed at the end of the high temperature end. and crossing of the 
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plurality of heating fluid is brought about along with the length of the inner part lib. Usually, these courses 
provide three some parts courses, before a steam is released into a core body product in the crowning of a high 
temperature end. 
[0015] 

The material of the high temperature end heat exchanger 1 1 is changed from steel casting used by Malone at 
the beginning. Some composition is proposed. Having the steam route mentioned above, machining or the 
cylinder with a casting fin created from a Monel metal has the advantage of consisting of a single corrosion 
preventive. Unlike the alloy of other nickel bases, temperature rises and a Monel metal has the characteristic 
which is different in it being common that a heat transfer coefficient is improved. 
[0016] 

Rather than forming the heat exchange fin 1 1c as an integral unit (for example, shown in drawing 5 a, 5b, and 
drawing 7) this high temperature end heat exchanger composition, For example, it is formed from the "washer" 
constituted in the shape of a stack, or the fin of the form of "lamination", and an efficient heat exchange 
surface is provided. The stack of a washer-like fin can be created from big "washer" with which the outer 
diameters arranged by turns by the tubular core differ, and small "washer." A fin usually has un-circular plane 
shape, and can raise heat transfer. The corner of the flat-surface profile of the washer of the larger one and a 
spike can be designed project in the turbulent flow gas stream of a combustion chamber, and raise the heat 
transfer to the inside of metal. The stack of the un-circular fin can be carried out with a non-aligning form, and 
exposure in turbulent flow gas can be made into the maximum, drawing 8 and 9 have the corner rounded off ~ 
the 1st set of the square fin 112 and this are also squares generally. 

It has the corner rounded off and has the 2nd set of the fin 112 and the fin 113 by which mutual arrangement 
was carried out. 

The fin 112 is altogether turned to the same direction. 
The fin 113 is also the same. 

However, 90 degrees of fins 1 1 2 turned to the same direction are offset about the fin 1 1 3 turned to the same 

direction. 

[0017] 

The fm 11c (namely, 112 and 113) can be created from heat-resistant metal, such as a monel metal (alloy which 
consists of copper, nickel, and a small amount of iron, manganese, silicon and carbon) or molybdenum, and 
tungsten, and its thermal conductivity is quite high. The problem of the oxidation which these heat-resistant 
metal generally has can be prevented by Commanday's developing and using molybdenum-disilicide coating 
which boron diffused by the Durak B process currently indicated by US-A-3090702 No. 
[0018] 

The fin 1 1 c (namely, 1 1 2 and 1 1 3) forms the stress portion of the high temperature end of the engine 1 , These 
contain effectively the tubular inner part 1 lb appropriately created from copper of high conductivity. The copper 
inner part 1 lb is entirely wrapped with the material of high warm strength, and, thereby, does not receive 
companding or creeping. The inner part 1 lb is appropriately created from two annular tubes. 
Diffused junction of these is carried out and they form single parts. 

As it gave an outline about the single piece high temperature end in the top, in order to conduct a steam, a slot 
and a course are machined or formed in the outside surface of an inner tube, and/or the inner surface of an 
outer tube before junction. 
[0019] 

The lower part 6 which demarcates a low temperature end contains the copper sleeve 6a which has the 
extension inside and the outside heat exchange surface which form the wall of a cooling water jacket, and the 
outside sleeve 6b which forms the outer wall of a cooling water jacket. 
[0020] 

The composition of a regenerator. By Swift of Los Alamos National Laboratories. The outlined example is 
followed ("Simple.). Theory. Refer to of a Malone Engine". 24 th Inter-Society Energy Conversion Engineering 
Conference, 1989, PaperNo 899055, and pp 2355-2361, It has the "perforated" matrix or the core 9 formed from 
dimple scrolling of the very thin austenitic-stainless-steel sheet. Surface area of scrolling is large, however the 
resistance to a longitudinal direction flow provides the minimum heat exchanger. The further improvement to 
Swift is winding around the form of a spiral coil the sheet by which carried out cleavage of the sheet, or cut it 
over the flow direction in punching of short length, rolled the rear seat level, carried out dimple attachment 
again, and was subsequently cut, and dimple attachment was carried out A cross shape cut interrupts the heat 
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flow to the shaft orientations through the metal of a regenerator matrix or a core, and the parasitism 
conductive-heat loss which passes this component by that cause is reduced substantially. A frequent sharp 
edge brings about disturbance by a boundary layer, and induces a turbulent flow, and this improves heat transfer. 

[0021] 

In the original Malone engine, in order to generate the un-reverse flow through a regenerator matrix or a core, 
the valve was used within the regenerator. Although the design of this invention also uses the valves 20 and 21 
at each end of the regenerator 7, this is for another reason. The valves 20 and 21 are check valves and the flow 
of working fluid enables it to bypass the heat exchange surface of the high temperature end and low temperature 
end the influence is not wished during the part period of a strol^e. When the regenerator 7 goes up to a high 
temperature end and a fluid is made to advance over the low temperature end straw man 40 via a matrix, it is 
desirable to make the heat eliminated into the maximum, to maintain operation pressure power low, and to reset 
a virtual piston to a top dead center. As shown in drawing 5 b and 6a. this opens the check valve 20 and is 
attained by closing the check valve 21. When the regenerator 7 moves upwards (low temperature end straw man 
40), the open check valve 20, Pouring working fluid via the core 9 of the regenerator 7 (refer to arrow [ of 
drawing 5 b ] A) the closed check valve 21 carries forward working fluid over the low temperature end straw man 
to the heat exchange surface of the inner sleeve 6a (refer to arrow [ of drawing 6 a ] B). The open check valve 
20 in the upper part of a regenerator enables it to return directly in a regenerator matrix or the core 9. without 
the steam caught in the core body product of a pile passing 1 1 d of longitudinal direction courses in a high 
temperature end wall, and having unnecessary heat 
[0022] 

In the stroke (refer to drawing 5 a and 6b) to for reverse (i.e., down), the check valve 21 in the low-temperature 
straw man 40 is open, and the check valve 20 is closed. It enables it to follow the open check valve 21 to a 
regenerator matrix or incore directly, without water's being energized at high speed by the sleeve 6a of a low 
temperature end, and eliminating heat superfluously (arrow D). It is made for a steam to flow through the closed 
check valve 20 via 1 1 d of courses, as shown to drawing 5 a by the arrow C. 
[0023] 

The power of the longitudinal direction induced by the internal pressure inside [ work chamber 3 ] TD pile is 
controlled simple with the internal tension bolt 8 which consists of nickel superalloy. Installation of the rod 8 in 
alignment with the axis of TD pile attains three purposes. To the 1st, the tension bolt is isolated from extremely 
hot combustion gas, therefore the tension bolt is comparatively long and slender. To the 2nd, about given TD pile 
volume, the inner core or the work chamber 3 to which heat exchange is restricted is occupied, an outer 
diameter is enlarged slightly, and, as a result a heat exchange surface is increased. The base of the single- 
acting hydraulic ram which can finally be used since a regenerator is driven is provided. 
[0024] 

A motion of the regenerator 7 is generated by the rotational eccentricity mechanism 30 (refer to drawing 10 ) in 
which power is transmitted to the work chamber 3 via a water pressure master / slave cylinder system. It can 
be rotated by the eccentric mechanism 30 in the speed range of 1/5 - 1/10 of the speed of the fluid power 
machine 2, and a gear can be directly carried out to a driving shaft for the purpose of a synchronization. The 
master cylinder 31 vibrates a fluid to a longitudinal direction inside a work chamber, when the fluid passage near 
a sine is generated and it is coordinated with the slave cylinder 41 of the regenerator 7 via the flow path 42 
(refer to drawing 4 ) with the tension bolt 8. Sliding of the seal which may produce leakage is lost by this fluid 
connection. The seal 43 for closing the lower end part of the cylinder 41 to the circumference surface of the 
tension bolt 8 is provided. 
[0025] 

The master cylinder 31 must introduce an isolation divider plate, in order to carry out the pump of the 
lubrication fluid, such as an oil. therefore to isolate an oil from the working fluid of the work chamber 3. The 
mechanism for there being leakage of an itself small quantity, therefore filling up a system working is required for 
a master and a slave cylinder. When a piston reaches a bottom dead point, by exposing the port in the flank of a 
master cylinder, the oil side of a system can fill up a loss, however the sacrifice that a small flat spot is 
introduced into a sine flow curve is paid. In the working fluid side of an isolator, when the regenerator 7 exceeds 
a predetermined motion, the small bleed port 32 can be exposed. A regenerator can be restrained using the 
advance end spring 33, and with it, these ports will open and it will be in an active state. A slight change of a 
motion introduced by this dwell period can be compensated by controlling the stream function of a fluid power 
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machine and suppressing influence on a desired P-V diagram to the minimum. 
[0O26] 

Since priority is strongly given to operating a pump/motor using lubrication fluid, connection with ID pile work- 
bodies product 3, i.e.. a work chamber, and the fluid power machine 2 needs an isolator similarly. Since TD pile 
has only two fluid connection and does not have sliding mechanical connections, the problem of typical closure is 
lost to the Stirling engine of many gestalten. The leakage in accumulation by the side of the oil of a pump/motor 
can be filled up like a regenerator driver system by sometimes carrying out the pump of the surplus stroke, and 
recovering a required pressure. 
[0O27] 

An engine is adjusted using two autonomous control systems with which each has the purpose of enabling rapid 
change of output power, A blower derives the atmosphere in the burner 12 for the first time from combustion air, 
and the atmosphere is combined with a fluid or gaseous fuel by a burner. A fuel flow is controlled by a 
mechanical proportional valve sensitive to the pressure or flow of combustion air Air versus a fixed fuel ratio is 
maintained by this means. The burner 12 burns a mixture and the high-speed high temperature gas obtained as a 
result collides with the outside surface of a heat exchanger by a high temperature end. Temperature sensors, 
such as a thermo couple, feed back high temperature end temperature to a PID control device. A control device 
adjusts temperature by changing the speed of a blower impeller, therefore the mass flow rate of combustion gas 
by use of an inverter drive. The thermal mass of a system is comparatively high and the damping time constant 
of the combustion control system obtained is long. 
[0028] 

A regenerator is driven by motion of the fixed sine which does not change amplitude and a cycle rate. Operating 
[ however ] at speed also with constant pump / motor 2, the stream function to demand counts upon a rapid 
change of a power demand, and changes continuously. The main means for changing a sound power level are 
offsetting a virtual power piston and fluctuating the average working pressure level of TD pile. 
[O029] 

The stream function which a pump / motor 2 requires cannot be easily sent depending on following an analog 
requirement signal because of proper time delay of perception and pumping. Instead, the main control methods 
are loading the look up table of the cylinder enabling event which follows into each thermodynamic cycle. The 
number of required tables is equivalent to the number of the cylinders which need to carry out a pump, in order 
to carry out bias of the cycle from the minimum mean pressure in which the engine operates to the highest 
mean pressure which can cope with it by TD pile structure. Usually, they are 5-10 cylinder increment. A 
separate alignment table is required for each sound power level. A virtual power piston is returned to a position 
required for change to another sound power level from one sound power level to be performed by using a 
transition table, and for this enable it to produce a useful cycle, and begin the following cycle. When an 
unexpected event occurs, or when the leakage in accumulation by the both sides of an isolator divider plate 
arises, analog control can be superimposed on some tables and a virtual piston position can be restored. 
[0030] 

When all the engine power is transmitted to the rotating shaft which moves at a fixed speed, a certain amount of 
output buffering can be supplied by the inertia of a rotation group and load as well as the case where the direct 
drive of the electric organ is carried out. When the engine supplies variable speed load, by adding more banks, 
the further service can be included in the shaft of a pump/motor, and the controllable flow which can drive a 
hydraulic motor or linearity rum at the rate of a request is provided. The disagreement of the short period of 
time of a load power demand and engine power generating can be compensated by adding another service for 
energy pooling to the pump / motor stack which can carry out direct continuation to a gas accumulator. In this 
method, the controllable rate of an energy transfer can be greatly produced between load and a buffering 
accumulator. By isolation provided with a crankshaft, both services are maintainable by the pressure which the 
service requires by the master of this **. 
[0031] 

An engine puts the burner 12 into operation by igniting, and establishes a temperature gradient over TD pile or 
the work chamber 3. Subsequently, with the electric motor or gas accumulator drive motor of a pump / motor 
service, a motion of a pump / motor, and a regenerator is established, and a cycle is started. In the case of a 
vehicle, while a regenerator drive has a clutch cut and establishes a suitable operating temperature inside TD 
pile during a worm rise, it is possible that a vehicle drives with the stored energy in an accumulator. 
[0032] 
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Relative heating and work flow are the following rates mostly among the process of a single cycle. That is, via a 
high temperature end wall, it is accumulated, and among 8 subsequently released from a regenerator matrix. 1 is 
eliminated, the heat 2 goes into cooling water, and 1 is changed into mechanical work. 
[O033] 

The fundamental component and the feature of the thermometer system which were described resemble the 
well-known beta composition Stirling engine dramatically. Like the engine of Malone. the improved version can be 
provided with many TD piles, and can operate. It is assumed by having at least two running opposite phases that 
a significant advantage is acquired. 
[0034] 

There is the most fundamental change to exchange of a power piston to the design of Malone. and the piston 
operates at the same rate of a cycle as a motion of a regenerator using a high-speed digital control fluid 
operating machine. Typically, such machinery is a thing of the type indicated by EP-B-0494236 No., and. 
probably a shaft speed is 10 times quicker. The fluid machinery can reuse a work-bodies product in each 
thermodynamic cycle repeatedly. It is possible to generate the non-sine volume change of the work-bodies 
product of TD pile by high-speed control of displacement of fluid machinery, this new control — the pressure 
volume diagram of a thermodynamic cycle — an instant — and it can adjust freely for every cycle 
[0035] 

The work-bodies product rate of expansion is controllable by instant control to maintain the maximum system 
pressure within limits which guarantee the life of the high temperature end (it is always burning) which received 
high stress. By control for every cycle, the volume of working fluid can be fluctuated by offsetting a motion of a 
virtual power piston effectively (a motion of a virtual power piston is operation which a slide piston brings about 
in the low temperature end of TD pile according to a fluid). This offset induces change of the range of a cycle 
pressure, and induces change of the field included by that cause in the P-V diagram corresponding to change of 
cycle energy and continuation power. 
[0036] 

The features considered to be new in the thermomotor system which builds the design of the external 
combustion engine by this invention or such an engine into below are enumerated, 

1 . External combustion engine which has fluid power machine adopted as means for arbitrary stream functions 
and reproduction to be possible, and to generate controllable good variant product within engine work space. 

2. Heat exchanging system which equips working fluid system side with annular array of longitudinal direction or 
spiral course and with which fluid is promoted by motion of displacement mechanism/regenerator. 

3. Above-mentioned longitudinal direction course in which isolation core is inserted so that flow may be turned 
to outer wall. 

4. Structure of high warm strength which comprises lamination of Monel metal or heat-resistant metal in order 
to generate heat-conduction pressure vessel which has extended face. 

5. Lamination or washerHike fin which chose shape and arrangement of extended face so that intrusion into 
turbulent flow combustion gas and heat exchange with gas might be made into the maximum and which forms 
high temperature end exchanger 

6. High conduction inside core which is used within pressure vessel, guarantees ceiling and includes longitudinal 
direction slot or hole for heat exchange courses by above-mentioned 2. 

7. Use a metallic foil by incore [ of a regenerator ] and metal should be periodically divided over the flow 
direction, and let it pass on a roll, flatten, carry out dimple attachment after that, reduce the thermal 
conductivity of the medium which winds and contacts the form of scrolling, and raise a turbulent flow. 

8. When you use a check valve at each end of a regenerator and you bring the result which is not desirable to 
both a thermodynamic cycle required for an engine, and pumping power, during the part period of a cycle, let a 
heat transfer face short-circuit, or bypass it. 

9. In order to control pressure derivation axial force inside a thermodynamics pressure vessel, use the central tie 
rod which consists of material of high warm strength and low thermal conductivity. 

10. Restrain a regenerator in a stroke terminal position, and in order to amend the error of the motion by the 
continuous leakage with a small fluid, use a pilot by-pass and a main doubling spring by a slave regenerator 
driving cylinder. 

11 . In order to supply the leakage by the bottom dead point by the side of the water pressure fluid of an isolation 
divider plate, use a supplement port by the master cylinder of a regenerator driver system. 

12. In order to guarantee the synchronization with a cylinder enabling event and a thermodynamic cycle phase. 
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carry out the fixed cooperation of the motion of a regenerator by fixed gearing at the crankshaft of a 
pump/motor. 

13. Don't be concerned with change of a heat flow and a power output, but use an autonomous temperature 
control system to maintain a fixed temperature by the high temperature end of a thermodynamics pressure 
vessel. 

14. Use a look up table, induce the fixed stream function of a fluid power machine, and by that cause. Are almost 
fixed during a power stroke, and generate the controlled thermodynamic cycle which has the maintained upper 
part pressure limitation, and suppress the creep of high temperature end material to the minimum, making power 
conversion into the maximum. 

15. In order to control engine power for every cycle, offset a virtual power piston by changing a work-bodies 
product for the increment of displacement of a single cylinder. 

16. Control an engine cycle by each offset valve position by differing for controlling the cylinder enabling record 
of a fluid power machine, or using the look up table corrected at least. 

17. Use a transition look up table and it enables it to move an engine smoothly between different power 
conditions. This should generate power with a useful transition cycle, and, simultaneously with it, return a virtual 
power piston to a position suitable at the time of the start of a following cycle. 

18. A pressure, and a regenerator / displacement mechanism position feedback are used, Insertion of the 
amendment section of a look up table can amend a gap of a virtual power-piston position, and a prior program 
event can be replaced in the event created by a control device as a result of error feedback. 

19. By the refreshable power transmission from isolation service of a fluid power machine to a gas accumulator, 
use buffering and attain the very high-speed mechanical response to change of an engine power demand. 
[Brief Description of the Drawings] 

[Drawing 1] 

It is a schematic diagram of the main components of the thermometer system containing the external 
combustion engine by this invention. 
[Drawing 2] 

It is a sectional view showing the external combustion engine of drawing 1 in details roughly, however more. 

[Drawing 3] 

It is a sectional view of the high temperature end of an organization shown in drawing 2 . 
[Drawing 4] 

It is an expansion outline sectional view of the center section of the low temperature end of an organization 
shown in drawing 2 . 
[Drawing 5 a] 

They are some outline sectional views of the upper part of the high temperature end of the engine of drawing 2 
in which the working fluid flow in the upper part of the regenerator of an engine in case a regenerator moves to 
down from a topmost part position is shown. 
[Drawing 5 b] 

They are some outline sectional views of the upper part of the high temperature end of the engine of drawing 2 
in which the working fluid flow in the upper part of the regenerator of an engine in case a regenerator moves is 
shown upward towards a topmost part position. 
[Drawing 6 a] 

They are some outline sectional views of the engine of drawing 2 in which the working fluid flow in the pars 
basiiaris ossis occipitalis of the regenerator of an engine in case a regenerator moves is shown upward towards 
a topmost part position. 
[Drawing 6 b] 

They are some outline sectional views of the engine of drawing 2 in which the working fluid flow in the pars 
basiiaris ossis occipitalis of the regenerator of an engine in case a regenerator moves to down from a topmost 
part position is shown. 
[Drawing 7] 

It is an outline sectional view of the high temperature end of the engine in which the fluid passage [ a 
regenerator moves towards a low temperature end ] of a between is shown. 
[Drawing 8] 

It is an outline perspective view of the high temperature end of another embodiment of the external combustion 
engine by this invention. 



hUp://www4.ipdl.inpil.go.jp/cgi-biii/tran_web_cgi eiie?atw_u==http%3A%2F^^ 2009/05/14 



JP,20O3-5O3636,A [DETAILED DESCRIPTION] 



8/8 ^— V 



[Drawing 9] 

It is an outline plan of the high temperature end of another embodiment of the external combustion engine by 
this invention. 
[Drawing 1 0] 

It is a schematic diagram of the digital displacement pump / motor about the thermomotor system shown in 
drawing 1 , and a regenerator drive. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 

FIG 1 




[Drawing 2] 
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FIG 2 
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[Drawing 5 b] 



O 




[Drawing 6 a] 




[Drawing 6 b] 
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[Drawing 7] 
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FIG 8 




[Drawing 10] 
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